Delineation of soil management zones is essential for precision agriculture applications, to know agricultural inputs added to soil. Geostatistics provides an effective tool for soil spatial variability and delineating management zones. Spatial variability was done on soil properties to prepare prescription maps for leaching and gypsum requirements (GR) of a salt affected soil. The performance of the spatial model was evaluated by calculating two different statistics. Mean error (ME) as a measure of precision and mean square standardized error (MSSE) as a measure of accuracy were calculated. The developed spatial maps of investigated soil parameters [electrical conductivity (ECe), exchangeable sodium percentage (ESP) and cation exchange capacity (CEC)] were used to specify 4 zones-prescription maps that need leaching and gypsum requirements. Results showed that the three models were precise and accurate with ME and MSSE values (-0.110, -0.210, 0.002 and 0.937, 1.033, 1.010), respectively. Applying site-specific management for leaching proved costeffective and beneficial effects compared with traditional management which is based on an average value over the experimental field. The (GR) on basis of traditional management was cost-effective but was not more beneficial because zones 1 and 2 showed GR more than needed and vice versa for zones 3 and 4. The high cost in this case could be counterbalanced by the expected increased production in zones with high ESP.
INTRODUCTION
Salt affected soils are found in both arid and semi-arid regions affecting negatively plant growth and consequently low yield (Eilers et al., 1997) . In Egypt, salt-affected soils are located in the Northern-Central part of the Nile Delta and its Eastern and Western areas. They are also found in Wadi El-Natroun, El-Tal El-Kebeir, the Oases, many parts of the Nile Delta and Valley and Fayoum Governorate. In Egyptian irrigated lands, about nine hundred thousand hectares suffer from salinization, distributed as follows: 60% is in Northern Delta, 20% in Southern Delta and Middle Egypt and 20% in Upper Egypt (FAO, 2007) . Herrero and Pérez-Coveta (2005) and Benyamini et al. (2005) affermed the importance of spatial variability of salt affected soil which allow to map and delineate management of zones of saline soils and how much agricultural inputs should be added to such soils. The problem of soil salinity can be solved by leaching soluble salts out of the root zone. Conventionally, data of soil properties are based on averages of soil analyses collected soil samples with no consideration of the spatial variations either at macro or micro scales within-field (Navarro-Pedreño et al., 2007; Webster and Oliver, 2007) . Geostatistics is an effective tool to assess within field spatial variations of soil analyses used to delineate different management zones (Oliver and Webster, 2015) . However geostatistical methods are time as well as money saving compared with the traditional methods since they provide a fine-scale information on soil variables. Spatial distribution of soil properties has been evaluated by several http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
Soil Science and Agricultural Engineering
researchers (Burgess and Webster, 1980; Warrick et al., 1986; Odeh et al., 1992; Juang and Lee, 2000) . The most common geostatistical prediction method was used to interpolate spatial distribution maps of the different soil properties is the ordinary kriging method (Meul and Van Meirvenne, 2003; Sumfleth and Duttmann, 2008; Lopez-Granados et al., 2015) .
The current study aimed at evaluating the spatial distribution of soil salinity, sodicity, cation exchange capacity over a field in Ismailia Governorate using ordinary kriging for preparing site-specific management maps of leaching and gypsum requirements.
MATERIALS AND METHODS

Site Description, Sampling and Laboratory Work
This study was conducted on a 1.8-ha field (30°25'47.42''N, 31°39'24.49E) located in El-Kassasseen, Ismailia Governorate, Egypt (Fig. 1 ). One hundred soil samples from the 0 -30 cm surface were taken based on a regular grid 20 m x 20 m, for analyses. Analyses included electrical conductivity (EC) which was measured on soil paste extract according to Jackson (1973) and Slavich and Petterson (1993) . Cation exchange capacity (CEC) was measured according to the barium chloride (pH 8.2) method, while soluble ions and SAR were measured according to Jackson (1973).
Exchangeable sodium percentage (ESP) was calculated using the following equation:
Cited by USDA (1954).
Geostatistical Analysis
The geostatistical analysis was implemented using ArcMap software 10.1 (USA), which consisted of the following steps:
1. Exploratory data analysis with the purpose of finding out whether the studied soil variables are normally distributed or not.
2. Calculation of the experimental semi-variogram for determining the spatial auto-correlation.
3. Fitting a model to the experimental semivariogram.
4. Interpolation using ordinary kriging.
Prediction Assessment
For evaluating the performance of prediction, cross validation was used (Isaaks and Srivastava, 1989) calculating two statistics to assess the precision and accuracy of estimation of the studied soil variables. The first statistic was the mean error (ME) as a bias indicator and the second was the mean standardized squared error (MSSE) (scaled by the predicted standard deviation of estimation), as an accuracy measure. The equations were as follows:
Where N is the number of active observations, σ the kriging standard deviation, Z* is predicted value, Zi is measured value.
The first statistic should be close to zero implying that the estimation is unbiased whereas the second statistic should approximately equal 1 because it corresponds to the ratio between an experimental variance and a theoretical one (Carroll and Cressie, 1996) .
Calculations of Leaching Requirements for Delineated Zones
Reclamation requirement was calculated using Reeve equation (1975), as follows:
Where D iw is the depth of leaching water (cm), D s is the depth of soil (cm), EC ei and EC ef are soil salinity (in dSm -1 ) before and after leaching, respectively. Leaching requirement was calculated to reduce soil salinity to be 2 dS m -1 for only zones having a mean value of ECe higher than 4 dS.m -1 for 0.20m depth. The mean value and area of each delineated zones were calculated.
Fig. 1. Site location and soil sampling scheme
The leaching requirements was also calculated based on the average value of all samples (100) to quantify the water saved and make a reliable comparison between the two geostatistical and traditional methods.
Calculation of the Gypsum Requirements (GR) of Each Delineated Zone
GR was calculated based on the average value of ESP and CEC in each delineated zone using the following equation according to (USDA, 1954) :
Where ESP i is the initial value and ESP f is the desired value to be reached. The GR is expressed as megagram per hectare (Mg ha -1 ) for a depth of 30 cm of soil surface.
RESULTS AND DISCUSSION
Results of the descriptive statistics are summarized in Table 1 where the studied soil variables are approximately symmetric since the skewness of ECe, ESP and CEC are 0.42, -0.32 and 0.56, respectively. Then, geostatistical analysis is applied directly without transformation.
Three different models were fitted to the experimental variograms of ECe, ESP and CEC.
These were stable, gaussian and spherical models for the soil variables, mentioned above, respectively ( Table 2) . The nugget to sill ratios indicates a moderate spatial dependence for ECe with a value of 0.312 and a strong spatial dependence for ESP and CEC with values of 0.226 and 0.057, respectively. (Table 3) indicated that the three models were precise with ME values of -0.011, -0.210 and 0.002 for ECe, ESP and CEC, respectively. MSSE values were rather different from one but still within the tolerance interval (±3√2/N, N is number of observations) (Chiles and Delfiner, 1999). However the three studied soil variables showed that the three models were accurate.
Cross-validation results
Mapping
Soil salinity
The spatial map of ECe shows four delineated zones with different ECe average values (Fig. 5) . Zone 1 is characterized as non-saline soil and there is no need to apply leaching process since the ECe average value is less than 4 dSm -1 . The other three delineated zones had different mean values of ECe. These were 4.5, 5.93 and 7.64 dSm -1 for zones 2, 3 and 4, respectively. Most of zone 1 area was in the Western part of the field which might be due to the close of that area to the drain located in the Western part of the field. Leaching requirements (Table 4) revealed that no leaching is needed for zone 1 whereas leachings (for 30 cm soil depth) for zones 2,3 and 4. Leaching water amounts were 646.47, 2009.88 and 1170.28 m 3 for zones 2, 3 and 4, respectively. Such calculations are based on the ECe mean value for 100 soil samples (5.84 dSm -1 ). Without geostatistical interpolation, a water amount of 4134.91 m 3 of water should be added to reduce salinity of the total area to 2 dSm -1 . Thus, 308.28 m 3 can be saved and then used for irrigation. These results emphasize the importance of geostatistical techniques in detecting within field variability and hence applying site-specific management. Fig. 6 shows the spatial map of exchangeable sodium percent (ESP) over the area. Sodicity decreased towards the Southern West diagonal of the area. This may be attributed to the constructed drain network on the Western part of the field which is similar to the spatial distribution of ECe over the field.
Soil sodicity
A comparison between site-specific and traditional management for gypsum requirements (Table5) was calculated to find out which of them is cost effective or more efficient. Results showed that under site-specific management a total of 53.24 Mg of gypsum are needed to reach an ESP of 5 for the whole field, while under traditional management a total of 49.65 Mg of gypsum are needed to reach an ESP of 5 for the whole field. This means that in this case, traditional management is apparently costeffective compared with site-specific management. However, the site-specific management is more efficient than the traditional management as the former allows to add the needed amount of gypsum where it is needed. Table 5 shows that zones 1 and 2 under traditional management would receive an amount of gypsum of 2.582 and 15.057 Mg, respectively each of which being more than needed. On the other hand, zones 3 and 4 would receive an amount of gypsum of 19.855 and 12.141 Mg, respectively which being less than needed under site-specific management. Such results indicate that applying site-specific management is more efficient even if traditional management is more economic. The high amount of gypsum under site-specific management could be counterbalanced by the increased production because of remediating soil sodicity especially in zones 3 and 4 which would receive gypsum less than needed.
Conclusions
Reclamation of salt affected soils is usually applied without taking spatial variation of soil salinity and sodicity into consideration. It may be cost-effective and more efficient to manage this on basis of management zones. This needs to recognize soil spatial variability and then delineate management zones. In this study, ordinary kriging was used to develop spatial maps of three soil properties of (ECe, ESP and CEC). A comparison between site-specific management and traditional management was carried out to verify which approach is more beneficial. Results showed that under sitespecific management a quantity of water was saved and can be used for irrigation. For gypsum requirement, traditional management was apparently cost effective. However this could be counterbalanced by increased production in zones with high level of sodicity.
